Background: Paroxysmal kinesigenic dyskinesia (PKD) is a rare heritable neurologic disorder characterized by attacks of involuntary movement induced by sudden voluntary movements. No previous reports have described cases showing comorbidity with psychiatric disease or symptoms. In this case, we showed a patient with PKD who exhibited several manifestations of anxiety disorder. Case: A 35-year-old Japanese man with PKD had been maintained on carbamazepine since he was 16 years of age without any attacks. However, 10 years before this referral, he became aware of a feeling of breakdown in his overall physical functions. He had then avoided becoming familiar with people out of concern that his physical dysfunctions might be perceived in a negative light. One day he was referred by the neurologic department at our hospital to the Department of Psychiatry because of severe anxiety and hyperventilation triggered by carbamazepine. We treated with escitalopram, aripiprazole, and ethyl loflazepate. Both his subjective physical condition and objective expressions subsequently showed gradual improvement. At last, the feelings of chest compression and anxiety entirely disappeared. Accordingly, increases in plasma monoamine metabolite levels were observed, and the c.649dupC mutation, which has been found in most Japanese PKD families, was detected in his proline-rich transmembrane protein 2 gene. Conclusion: This is the first report to describe psychiatric comorbidities or symptoms in a PKD case. The efficacy of psychotropic medication used in this case, the resulting changes in plasma monoamine metabolite levels, and the recent advances in the molecular understanding of PKD suggested slight, but widespread alterations to the neurotransmitter systems in the brain.
Introduction
Paroxysmal kinesigenic dyskinesia (PKD) is a rare heritable neurologic disorder characterized by attacks of involuntary movement comprising any combination of chorea, ballism, athetosis, and dystonia induced by sudden voluntary movements. 1 No previous reports have described cases showing comorbidity with psychiatric disease or symptoms. However, the presence of some sort of mental dysfunction in PKD patients seems highly likely, given the actions of PRRT2, which is encoded by the gene responsible for PKD. 2 Although the detailed functions of PRRT2 have yet to be elucidated, this protein interacts with SNAP25, which localizes in the presynaptic terminal and is involved in the exocytosis of various neurotransmitters. 3 We describe herein the case of a patient with PKD who exhibited several manifestations of anxiety disorder, including panic attacks after a change to his prescribed antiepileptic. Based on the results of plasma monoamine metabolite levels and recent advances 
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Kunii et al in the molecular understanding of PKD, we discuss this case in terms of psychiatric symptoms. Written informed consent was provided by the patient to have this case report published.
Case report
A 35-year-old Japanese man with no past psychiatric history, but with a past neurologic history of PKD, was referred by the neurologic department at our hospital to the Department of Psychiatry because of severe anxiety and hyperventilation. When the patient was 16 years old, he was clinically diagnosed as PKD by a neurologist based on characteristic symptoms including involuntary movement induced by voluntary movements and various examination findings, such as test using blood and cerebrospinal fluid, and several image findings. After that, he had been maintained on carbamazepine (CBZ) at 200 mg/day since 16 years of age without any attacks.
In February 2013, on a regular follow-up in the neurologic department, the neurologist changed CBZ to topiramate after the patient complained of long-term symptoms of drowsiness and wobbliness, which he thought might be the side effects of CBZ. Two days later, he visited the emergency department at our hospital with chest pain and hyperventilation. Although the neurologist suspended topiramate and resumed CBZ, his anxiety and hyperventilation did not improve as was expected. The following month, the patient was referred to our department, but he stated that he had no anxiety about PKD or any other psychosocial stressors.
He presented as a gentle young man without any abnormal affect, but seemed somewhat nervous with an impassive facial appearance. We took time to have a good discussion about his history and symptoms. At last he confessed that, 10 years before this referral, he became aware of a feeling of breakdown in his overall physical functions to what he considered as about 70% of his earlier state. He had then avoided becoming familiar with people out of concern that his physical dysfunctions might be perceived in a negative light. It means that his anxiety symptoms had existed and persisted 10 years before a change of drug, CBZ to TPM, though we could not completely deny it affected these symptoms. Then we began treatment with escitalopram at 10 mg/day, targeting the symptoms of anxiety and depression. Moreover, we added aripiprazole at 3 mg/day and ethyl loflazepate at 1 mg/day ( Figure 1 ). Both his subjective physical condition and objective expressions subsequently showed gradual improvement. Feelings of chest compression and anxiety entirely disappeared. By contrast, his speed of speech and amount of conversation increased markedly, and he seemed more cheerful in his appearance. He stated, "Amazing! After 10 years' absence, this feeling came to me! My ability to judge things has been improved and I don't feel hesitant in starting new things," "I can perform complicated movements and quick motions. Now I can run and swim!," "I gained a larger circle of acquaintances and at last I have a girlfriend!." He himself called this phenomenon "Awakenings", as an analogy to the well-known movie. In short, escitalopram, aripiprazole, and ethyl loflazepate proved effective in addressing both subjective and objective symptoms (but increased doses of these drugs have loss of efficacy) in the present case. As a result, his quality of life was prominently enhanced as the scope of his activities and friendships rapidly expanded. In addition, increases in plasma monoamine metabolite levels were observed for homovanillic acid (a dopamine metabolite), total 3-methoxy-4-hydroxyphenylglycol (a noradrenaline metabolite), and free 3-methoxy-4-hydroxyphenylglycol, which were analyzed with high-performance liquid chromatography with electrochemical detection. In particular, homovanillic acid level was doubled after this change in pharmacotherapy (Figure 1) . Furthermore, the c.649dupC mutation, which has been found in most Japanese PKD families, 4 was detected in his PRRT2 by direct sequencing after polymerase chain reaction amplification.
Discussion
This is the first report to refer to psychiatric comorbidities or symptoms in a PKD case. Although the detailed pathophysiology of PKD has yet to be clarified, recently, great advances have been achieved in the molecular understanding of PKD and surrounding areas. Genetic variations in SNAP25, the gene product of which interacts with PRRT2 encoded by the gene responsible for PKD, are reportedly associated with attention-deficit/hyperactivity disorder 5 and early-onset bipolar disorder. 6 Postmortem brain studies have revealed altered expressions of SNAP25 mRNA and protein in the prefrontal cortex of patients with schizophrenia 7 and bipolar disorder. 6 In addition, results from several imaging studies 8, 9 have suggested that an abnormal cortico-striato-pallidothalamic loop might underlie the pathophysiology in PKD. In this case, we assumed that since childhood, he had fallen into a habit of suppressing overall physical activities to avoid the manifestation of involuntary movements accompanying PKD, and this habituation might have affected his mental activity and social functioning, finally resulting in anxiety disorder-like manifestations. Alternatively, PRRT2 mutation might also have been related to his shy behavior, leading to an anxiety phenotype, since SNAP25 mutation has been reported to induce anxiety-related behavior in mice. 10 Interestingly, serotonin and dopamine releases were markedly reduced in the amygdala in mutant mice in that study. The efficacy of psychotropic drugs used in this case and the resulting changes in plasma monoamine metabolite levels suggested slight, but widespread alterations to the neurotransmitter systems in the brain. This hypothesis is consistent with dysfunction of SNAP25, which is considered to be etiologically important in PKD. These findings may also provide insights into elucidating the pathophysiology of other psychiatric diseases considered to be associated with variations in SNAP25, such as schizophrenia, bipolar disorder, and attention-deficit/hyperactivity disorder.
Conclusion
In this report, we presented a patient with PKD who showed several manifestations of anxiety disorder. Based on the response to psychotropic medication and changes in plasma monoamine metabolite levels in this case, it was suggested that there might be widespread alterations to the neurotransmitter systems in the brain with PKD. Given the recent advances in the molecular understanding of PKD, these findings may also provide insights into explaining the pathophysiology of other psychiatric diseases.
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